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In this work, we have synthesized a series of aromatic substituted imidazoles and
studied their photochemical properties ( UV-Vis and fluorescence) in varying solvents.
The imidazole based chromophores were substituted in 2-position by phenyl, naphtyl,
anthracyl, phenantryl, and pyrenyl groups (noted R’). Furthermore, the imidazole ring
was substituted in 4- and 5-positions by phenyl, p- tolyl and p-methoxyphenyl to study
the electronic effect of the groups in para position—namely, hydrogen, methyl, and
methoxyl (noted R).
Upon the introduction of more bulky and conjugated groups in 2-position, the
geometry of the overall molecule is dramatically altered. The phenyl group is co-planar to
the imidazole group but the larger anthracyl group is twisted at a 53° dihedral angle
relative to the imidazole ring—to minimize steric hindrance. The resulting change in
conjugation within the molecule and the polarity-induced interactions from solvent to
solute affect the photochemical behaviors of these molecules. Indeed, the UV-Vis profile
of the group in 2-position dominates with increased dihedral angle (decrease
conjugation).
In fluorescence, both the R and R’groups influenced the maxima of the excited and
emitted wavelengths. The maxima were dependent upon the solvent’s polarities and their
hydrogen bonding abilities. Although the solvent effects were important for both stoke
shift and quantum yield they varied from molecule to molecule. It was found that with
higher dihedral angle the solvent effect on stoke shift is larger. The relative quantum
efficiencies were also solvent-dependent and generally high in this study. In fairly apolar,
aprotic solvents such as toluene, relative quantum efficiencies range from 0.94 to 1.00. In
contrast, with solvents such as dioxane and chloroform major quenching was observed. A
direct correlation of solvent induced fluorescence shift with solvent parameters such as
7i*, a, |3, and Et(30) was not evident because of inter-dependency of factors such as
molecule structure and degree of conjugation.
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Fluorescence spectroscopy has found applications in areas such as environmental
remediation,1 material sciences,2 and medical imaging.3 The photoresponsive ability of a
probe can be used for molecular recognition as well as chemical sensing and has been
extensively studied.4
The structure/fluorescence relationship for organic compounds is well documented.
A wide range of molecules exhibit fluorescence upon excitation. After the absorption of
a photon, the resulting excited molecule can return to its ground state by several
mechanisms; fluorescence, non-radiative relaxation and phosphorescence are among the
possible pathways. When radiative and non-radiative mechanisms compete, the favored
route to return to the ground state will be the fastest. The structure of the molecule is
essential in favoring one pathway over the other; indeed, specific functional groups will
either slow non-radiative decay or enhance the fluorescence.
Fluorescence spectroscopy is an accurate technique with a low detection limit (on
the order of ppb), and therefore has been used for both qualitative and quantitative
analyses. Recently, sensors have been developed based on the fluorescence shift
observed from the free to the chelated species (anion-sensor) in order to detect and
quantify the presence of anions such as cyanide. Such sensors will find application, for
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example, in the detection of cyanide in contaminated waste streams.
High sensitivity towards the detection of analytes, on/off switch capability, accurate
response, and molecular recognition are critical advantages that have contributed to the
development of fluorescence-based technologies. The fluorescence efficiency and Stokes
shift are used to detect phenomena, such as chelation, that occur at a molecular level.
Indeed, fluorescence is affected by different environmental factors; the quantification of
such perturbations can be obtained by observing changes in the absorbance, emission,
and excitation spectra. The fluorescence response is extremely sensitive to external
parameters such as temperature, concentration, and solvents which can be major factors
in some applications.
Current research areas exploit the ability of fluorescent probes to react and express
changes in their environment. For instance, molecules that are known for their fluorescent
properties have been transformed or introduced into macromolecules, such as polymers
or proteins to enable labeling of biological materials.
1.2 Fluorescence Theory
When a quantum of light encounters a molecule, it is absorbed in approximately
10'15 sec. As a consequence, electron transfer from the ground state to the first or second
excited singlet state occurs, which can lead to visible or ultraviolet emissions. However,
during the lifetime in the excited state (10‘5-10~8 s), multiple phenomena can take place.
At first, some of the vibrational energy is lost due to inter-molecular collisions. Then,
from the lowest vibrational level of the excited singlet state, Si*, the relaxation to the first
3
vibrational level of the ground state can occur. The return to the ground state may occur
by different pathways, one is fluorescence radiation {Figure 1). However, when the
lifetime of the excited state is long, intersystem crossings can take place and result in
electron spin reversal, leading to phosphorescence.
t2
Ti
Figure 1. Jablonski Diagram showing the possible photochemical and competitive
pathways upon excitation.
Structure-property relationships are critical to favoring the fluorescent radiation
and/or slowing the non-radiative relaxation pathways. Generally, molecules that possess
highly conjugated and rigid structures such as fused aromatic rings exhibit high
fluorescence.
It is important to note that only a part of the energy absorbed is emitted through
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fluorescence; this results in a shift in the emitted wavelength compared to the absorbed
wavelength. The loss of energy through vibrational relaxation, non-radiative mechanism,
photochemical decomposition, or quenching is common to most molecules.
1.3 Photophysical Properties and Characteristics of Fluorescent Compounds
Fluorescence is generated by the transition Si* - So- In the case of highly
conjugated and aromatic systems, fluorescence radiation results from an initial n to ti*
transition. The a to a* transitions are high in energy and lead to <t bond dissociation.
However, n—n* transition can, in some cases, produce fluorescence.
The Stokes shift is a measure of the amount of energy dissipated during the
lifetime of the excited state before return to the ground state.
Stokes shift = 107
( 1 1 A
V ^"ex ^cin J
Equation 1
where A.exc and Acm are the corrected maximum wavelength or A,max for excitation and
emission spectra, respectively, in nanometers. In quenching, molecules emit fewer
photons than they absorb; most of the energy dissipated in non-radiative decay.
Therefore, the fluorescence efficiency is dramatically decreased. The intensity of
fluorescence is measured in terms of quantum yield (or quantum efficiency) which
corresponds to the ratio of the number of luminescent molecules to the total number of
excited molecules (Equation 2). The quantum efficiency and the shape of the emission
spectrum are independent of the excitation wavelength. However, the greatest quantum
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efficiency is found for the lowest energy (higher wavelength) n to n* transitions in a
molecule.
e
# of quanta Emitted Equation 2
# of quanta Absorbed
Interestingly, quantum efficiency generally increases with the number of aromatic
rings or the conjugation length of the chromophore. For example, a simple heterocycle
like pyridine does not exhibit fluorescence; however fused ring structures such as
quinoline and isoquinoline are highly fluorescent. In addition, the substitution pattern on
the aromatic ring affects the fluorescence quantum yield. A number of external factors
can also affect the relaxation phenomena. For example, the fluorescence of a molecule
can be decreased in solvents like carbon tetrabromide or ethyl iodide that possess heavy
atoms. Furthermore, when heavy atoms are introduced into fluorescent molecules, a
similar decrease in fluorescence is observed. This effect has been attributed to the orbital
spin interactions and the subsequent increase in the rate of triplet formation, thus leading
to a decrease in fluorescence.
The major factors that affect the fluorescence intensity are:
1. Quantum Efficiency. The greater the intensity of the exciting radiation, the
greater is the fluorescence intensity. Nevertheless, too intense a source can cause
decomposition of the fluorophore.
2. Molar Absorptivity (e). The higher the molar absorptivity, the higher the
fluorescence intensity.
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3. Absolute Fluorescence. The luminescence integrated over the entire spectrum is
independent of the excitation source. The structure of the molecule mostly dictates the
value of the absolute fluorescence.
4. Relative Fluorescence Efficiency. This can be estimated by comparison of
compound of interest with the efficiency of a known standard such as quinine sulfate as
shown in the Equation 3.
0unk = 0std x x x '^unk , Equation 3
^std flstd ^std
Where 0 is the fluorescence efficiency; F is the relative fluorescence (peak area),
q is relative photon input of the source, and A is the absorbance. Experimentally, the
quantum efficiencies were measured relative to quinine sulfate. The absolute quantum
efficiency of quinine sulfate is 0.55 in 1 N sulfuric acid. The instrument was calibrated
using quinine sulfate. However, the relative efficiencies within this report have not been
adjusted according to equation 3 since our interest was in comparing the compounds
within the study.
The parameters that most influence fluorescence efficiency are the concentration
of the sample (at high concentration more quenching occurs), the temperature, the twisted
intermolecular charge transfer (TICT), which is a geometric torsion in the excited state
that affects the intermolecular molecular charge transfer (i.e. steric hindrance, electronic
effect). Molecules in which a part of the molecule acts as an electron acceptor and
another part acts as an electron donor may exhibit TICT states. Upon photoexcitation,
charge is transferred from the donor to the acceptor part of the molecule. However, the
transfer of charge is dependent on the ability of the bond connecting the donor and
7
acceptor moieties to twist, usually from an all-planar geometry to a 90 degree twisted
geometry (Figure 2). Two examples of “TICT molecules” N-piperidinylbenzonitrile and




Figure 2. TICT concept and examples, N-piperidinylbenzonitrile and N,N-dimethyl-N-
{4-[(E)-2-(4-nitrophenyl)-1 -ethenyljaniline}.
The TICT state is itself affected by the steric hindrance and the strength of the
donor/acceptor character of the substitutents. Other parameters are the presence of
analytes (higher probability of quenching through collisions), the wavelength of
excitation and finally, the solvent effect.
1.4 Background for Preliminary Research
Imidazoles derivatives are one of the classes of heterocycles that exhibit strong
luminescence properties. In this work, we have synthesized a series of aromatic
substituted imidazoles and studied their fluorescent properties in solvents of varying
8
properties.
Aryl-substituted imidazoles are important compounds for the treatment of
inflammatory diseases (e.g. asthma and arthritis). They indeed are known for their ability
to inhibit enzymes in both leukotrine and prostaglandin biosynthetic pathways.5
Therefore, the syntheses of substituted imidazoles have been widely studied.6
Radziszewski and Japp7 reported the preparation of aryl-substituted imidazoles by the
reaction of a mixture of benzaldehyde and benzil with ammonia in alcohol {Figure 3).
r)
Figure 3. Synthesis of 2,4,5-phenylimidazole by reaction of benzaldehyde, benzil, and
ammonia in ethanol.
For this study, the synthesis described by Davison8 was selected for its high
efficiency (up to 90% yield). The condensation of aromatic aldehydes (widely available
commercially) with aromatic benzil derivatives in the presence of ammonium acetate
gives a wide range ofaromatic substituted imidazoles {Figure 4).
9
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R=H, CH3. OCH3; R’= Ph, naphtyl, anthracyl, phenantryl, pyrenyl.
Figure 4. Synthetic scheme of the reaction used to prepare 2,4,5-substituted imidazole
derivatives for this study.
1.5 Current Research Areas
One current area of research in fluorescence chemistry is the production of
organic light emitting diodes. However, improving the efficiency and stability of these
devices by doping a host organic layer with a dye, which has a high fluorescence
quantum yield remains a challenge. The advantages of doping include ease of color
tuning, higher luminance, improved photo-efficiency, and superior stability of the device.
To exhibit intramolecular charge transfer, molecules must possess groups that can
act as electron donors and as electron acceptors. The following factors must be taken into
account: 1) the conjugation length; 2) the strength of the electron donor and electron
acceptor groups; 3) the rigidity of the molecule; and 4) steric hindrance to TICT
transitions. The emission wavelengths can be tuned by changing the relative electron
donating and accepting abilities of the donor and acceptor groups. It has also been shown
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that adding sterically demanding groups to molecules can reduce molecular aggregation
which is detrimental to luminance. As an example, the dye 4-(dicyanomethylene)-2-tert-
butyl-4H-pyran, DCTP {Figure 5), exhibits the appropriate properties for light emitting
diode applications.9
Figure 5. Structure of 4-(dicyanomethylene)-2-tert-butyl-4H-pyran, DCTP.
DCTP possesses the conjugation system required for fluorescence as well as
molecular rigidity. The presence of a weak electron-donating group should produce a
blue shift. A triphenyl amine group in addition to a tert-butyl group is added to reduce
molecular aggregation and thus, the effect of concentration dependent quenching.
Supramolecular chemistry is another area of research that has benefited from
fluorescence chemistry. Supramolecular chemistry is important in catalysis, organic
synthesis, molecular recognition, design of materials for microscale electronics, chemical
separations, and bioorganic chemistry. An interesting multidisciplinary research area
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involves host-guest inclusion complexes in which small molecules are held in the internal
cavities of a larger molecule. The small molecule is held in place only by intermolecular
forces with no covalent bonding. Therefore, the host molecule’s capacity to differentially
include certain molecules and exclude others can be used as a technique to accomplish
chemical separations or catalysis. In fluorescence spectroscopy, a guest fluorophore can
be changed while being held by the host, thus altering the fluorescent properties. For
example, 8-anilino-l-naphthalenesulfonic acid (ANS) is a weak fluorophore in a polar
solvent; however, when placed in a non-polar environment its fluorescence dramatically
increases. Such behavior makes ANS {Figure 6) an attractive candidate to test host-guest
interactions. Indeed, when ANS is introduced into a cyclodextrin host, which is non¬
polar, high fluorescence is observed.
Figure 6. Structure of 8-anilino-l-naphthalenesulfonic acid (ANS).
CHAPTER 2
RESULTS AND DISCUSSION
2.1 Synthesis and Analysis of Aromatic-Substituted Imidazoles
In our research, we studied imidazole derivatives for their highly fluorescent
properties and potential for non-linear optical materials. For instance, they can be
incorporated into a polymer matrix to provide light-responsive materials. Santos-Perez
synthesized and studied thiophene-containing imidazoles derivatives {Figure 7).10
Figure 7. Thienyl-imidazole derivatives prepared by Santos-Perez.
The focus of this work was to prepare a series of fifteen imidazole derivatives.
These compounds differ from the series studied by Santos-Perez as the heterocyclic
thienyl group on the imidazole ring has been replaced by aromatic hydrocarbon groups.10
12
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The introduction of highly conjugated and rigid systems onto the imidazole ring was
expected to influence the overall fluorescence properties of the molecules. By modifying
the substitution pattern, we attempted to manipulate the fluorescent properties of the
imidazoles and ultimately the final materials in which they can be incorporated. Fifteen
compounds were synthesized, characterized, and studied as potential fluorescent dyes
their structures described Table 1."
Table 1. Substituted imidazole derivatives prepared for fluorescence study.







Figure 8 illustrates the synthetic scheme used for the preparation of the aromatic-
containing imidazoles. The imidazole ring is formed by the condensation of the bis-aryl
ethanedione 1 (4,4’-disubstituted benzils) with arylaldehydes 2. Three commercially
available 4,4’-disubstituted benzils were used as starting materials; benzil, 4,4’-
dimethylbenzil, and 4,4’-dimethoxybenzil. Similarly, five aldehydes were used to
introduce different aromatic (R’) groups into the 2-position of the imidazole ring:






R= H, CH3, OCH3
R'= phenyl, naphtyl, anthracyl, phenantryl, pyrenyl
Figure 8. Synthesis of aromatic-substituted imidazole derivatives.
The preparation of the imidazole derivatives were carried out in glacial acetic acid
at reflux for 6-12 hours. The extent of the reactions were monitored by TLC. After work
up (experimental section), the products were purified by silica gel chromatography
followed by re-crystallization. The reaction yields ranged from 72 to 96% (Table 2).
Table 2. Reaction yields and appearance ofproduct.
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Compounds R R’ Yield (%) Appearance
lc och3 Phenyl 80 White solid
lb ch3 Phenyl 74 White solid
la H Phenyl 73 White solid
2c och3 Naphtyl 97 White solid
2b ch3 Naphtyl 84 White solid
2a H Naphtyl 84 Yellow solid
3c och3 Anthracyl 80 Yellow/green
fluorescent
3b ch3 Anthracyl 80 Yellow/green
fluorescent
3a H Anthracyl 80 White solid
4c och3 Phenantryl 80 Yellow/green
fluorescent
4b ch3 Phenantryl 91 White solid
4a H Phenantryl 92 White solid
5c och3 Pyrenyl 72 Yellow solid
5b ch3 Pyrenyl 91 Yellow solid
5a H Pyrenyl 80 Yellow solid
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Each compound was isolated as solid; however, compounds 3c, 3b, 4c stand out by
their physical appearances. They crystallized as yellow/green fluorescent flakes.
The well-known [l,3]-sigmatropic rearrangement12 was observed for all the
compounds. Figure 9 illustrates the equilibrium between the tautomers. Because of the
fast 1,3-sigmatropic shift relative to the NMR time scale, the molecules appear
symmetrical in both the 'll and l3C NMR (Figure 10 and 11). The 13C NMR spectra
exhibits 13 peaks instead of the expected 25 peaks expected if the [l,3]-sigmatropic shift
was not taking place or occurring slowly on the NMR time scale.
Figure 9. [l,3]-Sigmatropic rearrangement on the imidazole ring.
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Figure 10. 'H proton NMR of the 2-anthracyl-4,5-phenylimidazole in d-DMSO.
Figure 11. 13C proton NMR of the 2-anthracyl-4,5-phenylimidazole in d-DMSO.
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2.2 Photophysical properties of aromatic-substituted imidazoles
Initially, we investigated the behavior of these aromatic substituted imidazole
derivatives in a single solvent. This study provided the absorbance and emitted
wavelength values, as well as the effect of the substitutuent in 2- position on the
fluorescence behavior. We then studied a single compound in different solvents. The
solvents were carefully chosen to represent a variety of polarities and solvation
properties.
The Kamlet-Taft method is a powerful linear free energy relationship used to
study the role of various solvent-solute interactions.13 It defines a set of parameters
associated with a particular solvent by using solvatochromism (wavelength shift of a
probe molecule induced by its solvation in different solvents). This is a process of
assessing the local environment around a probe molecule, by measuring the solvent-
induced spectral shift of spectroscopic properties that reflect the chromophore’s
molecular environment, characterizing the interaction of solvent molecules with an
electronic transition of an indicator.14 The three parameters which are central to this
method are tc*, a, and (3. The parameter n* provides a comprehensive measure of the
ability of a solvent to stabilize a solute molecule based on dielectric effects. It is a
quantitative index of solvent dipolarity and polarizability. The acidity parameter, a, for a
solvent is a measure of its strength as a hydrogen bond donor, HBD, its ability to donate a
proton in a solvent-to-solute hydrogen bond. The estimation of a is based on the
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experimental determination of n* and Ej(30). The Et(30) scale, developed by Reichardt
et a/.,15 indicates a solvent strength by combining polarity and HBD acidity terms, which
itself serves as a useful solvent parameter for physicochemical correlations in a wide
range of solvents.16 The basicity parameter p is an index of the solvent’s ability to accept
a proton in a solute-to-solvent hydrogen bond. Specialized indicators have been
developed for the determination of the 7t*, Ej(30), a, and P solvent parameters. Based on
these parameters, we focused on the eight solvents listed in Table 3.
Table 3. Solvatochromic parameters for the solvents used in the study.
Solvents P a 71*
Chloroform 0.00 0.44 0.58
Toluene 0.12 0.00 0.54
1,4-dioxane 0.37 0.00 0.55
Acetone 0.48 0.08 0.71
Ethylacetate 0.45 0.00 0.55
Acetonitrile 0.31 0.19 0.75
Ethanol 0.77 0.83 0.54
The structures of the substituted imidazoles were simulated by the ab-inito
Hartree-Fock method using the 2-31G* basis set. The calculations were performed as
follows: molecular mechanic minimization was carried out first. From this starting point,
the Hartree-Fock calculations were accomplished. The computational approach provides
22
critical information on the changes of the conformation of the molecules upon changes in
the substitution pattern. The calculations also provide information on the electronic and
steric effects of the different substituents, and the extent of conjugation within the
molecules. These parameters are expected to influence the photophysical properties of
these molecules. The structures that we obtained by simulation were comparable to the
structure of similar compounds that were established experimentally by X-ray
crystallography. Therefore, we are confident that the computational results provide
reliable information. Nonetheless, cautions should be used as ab-initio calculations are
performed in the gas phase; therefore in a solvated environment structures can be altered.
Early in this study, it was found that the aromatic substituent in 2-position played
a central role in changing the dihedral angle between the imidazole and the 2-aryl plane,
mostly due to steric hindrance. In the 2-phenyl-4,5-phenylimidazole, the 2-phenyl and
imidazole rings are essentially co-planar. Figure 12 shows two views of the
computational structure of 2-phenyl-4,5-phenylimidazole. The dihedral angle between the
imidazole and the 2-phenyl ring planes is 1°. The phenyl in 5-position is twisted 53°
relative to the imidazole ring. The dihedral angle between the aromatic in 5-position and
the imidazole planes is constant (-53°) throughout the 15 compounds studied.
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Figure 12. Two views of the 2-phenyl-4,5-phenylimidazole most stable conformation.
With the naphtyl substituent in 2-position, the dihedral angle increases to 30°.
Figure 13 shows three views to provide a better understanding of the three- dimensional
structure the 2-naphtyl-4,5-phenylimidazole. The imidazole and naphtyl ring planes are
no longer co-planar, the increase in dihedral angle can clearly be seen in Figure 13 on the
left and the bottom right views. The phenyl groups in 4- and 5- position are twisted 53° as








Figure 13. Three views of the most stable conformation of 2-naphtyl-4,5-
phenylimidazole.
Finally, the 2-anthracyl-4,5-tolylimidazole exhibits the greatest dihedral angle 53°
shown in Figure 14.
Figure 14. Three views of the most stable conformation of 2-anthracyl-4,5-
phenylimidazole.
25
For this series of compounds and regardless of the substituents in 4- and 5- positions (e.g.
phenyl, p-tolyl, and p-methoxyphenyl), the dihedral angle is maximum when the
substituent in the 2-position is anthracyl. In Figure 15, the graphs plot the dihedral angle
versus the group in 2-position (in increasing number of carbons, from phenyl to pyrenyl).
The anthracyl imposes great steric hindrance between its a-hydrogen and the hydrogen
and lone pair on each side of the imidazole ring. To minimize this steric effect, the
anthracyl group adopts a twisted configuration. In contrast, the phenyl group does not
impose as much steric hindrance and as a result exhibits the lowest dihedral angle (about
1°) throughout the series. Interestingly, the naphtyl, phenantryl, and pyrenyl groups result
in similar dihedral angles. This is attributed to the similar steric environment that these
groups impose on the molecule (Figure 15). Regardless of their respective electronic
profiles, it is the steric effect of the groups in 2-position that dictates the conformation of
the overall molecule (i.e. dihedral angle between the aryl and the imidazole ring planes).
JWVAIWVW1AA
Phenyl Naphtyl Anthracyl Phenantryl Pyrenyl
Figure 15. Graphs of the dihedral angle versus the group in 2-position. The groups in two
positions are also displays.
The structural conformations calculated via computational methods not only
provide information on steric effects but also on electronic effects. The conjugation
within the molecules is expected to be affected by their conformation and the torsion
resulting from steric interactions. Therefore, the HOMO and LUMO distribution were






Figure 16. HOMO and LUMO maps of the 2-phenyl- and 2-tolyl-4,5-tolylimidazoles.
Both the HOMO and the LUMO of 2-phenyl-4,5-tolylimidazole are distributed
throughout the phenyl, imidazole ring, and 4,5-tolyl substituents reflecting good
conjugation within the molecule. In contrast, the HOMO of the 2-anthracyl-4,5-
tolylimidazole (right in Figure 16) is localized primarily on the anthracyl group, with
only a small contribution on the imidazole ring, and even less on the 4-tolyl substituent.
More dramatic is the LUMO distribution, which is localized on the anthracyl ring alone.
As anticipated, the conjugation within the molecule is altered by the dihedral twist angle
between the 2-aryl and the imidazole ring. Such changes in the electronic map of the
molecules upon changes in substitution pattern are expected to affect their photophysical
properties, especially the UV-Vis absorbance and fluorescence.
The electronic and steric effects of the group in 2-position can directly influence
the interactions between the solvents and the imidazole hydrogen bonding and accepting
2-phenyl-4.5-tolvlimidazole (1°)
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sites, respectively the N-H group in 1-position and the lone pair of the nitrogen in the 3-
position. The nitrogens sites on the imidazole ring are more accessible with less stericly
demanding groups in the 2-position. Space filling representations of the computational
structures of the 4,5-tolylimidazole and 2-anthracyl-4,5-tolylimidazole are shown in
Figure 17. In the case of 4,5-tolylimidazole (with an hydrogen in 2-position), the
hydrogen bond sites of the imidazole can easily engage in hydrogen bonding with the
solvents (right in Figure 17). However, when a larger group such as anthracyl is in 2-





Figure 17. Representations of the 4,5-tolylimidazole and 2-anthracyl-4,5-tolylimidazole.
The UV-Visible absorbance spectra of 2-phenyl-4,5-tolylimidazole, 2-naphtyl-4,5-
tolylimidazole, and 2-anthracyl-4,5-tolylimidazole are presented in Figures 18, 19, and
20, respectively. The concentration for all solutions was 10‘6 M, and the solvents used are
the ones that provided sufficient solute solubility. In the bottom right comer of Figures
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18 to 20, the individual UV-Vis profiles of the aryl groups in 2-position is reported
generally in a non-coordinating solvent, hexane.
Solvent (a, p, rc*)
CH3CN (0.19, 0.31,0.75)
Dioxane (0.0, 0.37,
Ethanol (0.83, 0.77, 0.54)
EtOAc (0.0, 0.45, 0.55)






Figure 18. UV-Visible absorbance spectra of 2,4,5-triphenyl-lH-imidazole (lb).
In the UV-Vis spectrum of 2,4,5-triphenylimidazole, the individual bands of
benzene are not observed. Instead the red-shifted maxima are observed from 290 to 310
nm indicating conjugation throughout the molecule. The shift of the A,max to lower
wavelength (-280 nm) in acetonitrile and dioxane may be attributed to their good
hydrogen bond donor character and ability to interact with the hydrogen bond donor







Figure 19. UV-Visible absorbance spectra of 2-naphthalen-1-yl-4,5-diphenyl- 1H-
imidazole (2b).
In the case of the 2-naphtyl-4,5-tolylimidazole, the dihedral angle increases to
40°. As a result, the HOMO conjugation within the molecule is more localized around the
naphtyl substituent. The naphthalene UV-Vis profile became more distinct, yet slightly
red shifted. Solvent effects were observed, however they were less pronounced than in
the case of the 2,4,5-phenylimidazole.
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Figure 20. UV-Visible absorbance spectra of 2-anthracen-9-yl-4,5-diphenyl-lH-
imidazole (3b).
The 2-anthracyl-4,5-tolylimidazole exhibits the highest dihedral angle, and as a
result the HOMO conjugation within the molecule is limited (as seen before with the
molecular orbital calculations). The UV-Vis spectrum of the anthracyl group dominates,
the spectra showing essentially no shift from the four anthracene original absorption A.max.
With increased torsion (increased dihedral angle), the photochemical properties of
the group in 2-position tends to predominate. As a result, the solvent effect (mostly due to
hydrogen bonding with the imidazole’s sites) became less pronounced.
In the case of 2-naphtlyl-4,5-arylimidazole, the substituents on the phenyl rings
namely hydrogen, methyl and methoxyl, in the 4- and 5- positions did not appear to affect
the UV-Visible absorption profile since only negligible solvatochromic shifts were
observed (Figure 21).
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-•-sample 2a in ethyl acetate
—*— sample 2b in ethyl acetate
-•-sample 2c in ethyl acetate
Figure 21. UV-Visible absorbance spectra of 2a, 2b, and 2c in ethyl acetate.
Before describing the fluorescence behavior of each compound independently, it
is useful to examine the fluorescence profile of one compound, 2,4,5-triphenyl-1H-
imidazole, la. For clarity, the absorption/emission spectra have been plotted on two
separate graphs, Figures 22 and 23. In Figure 22, the absorption and emission peaks of
compound la are plotted in toluene, ethanol, and ethyl acetate. In Figure 23, the spectra
were recorded in dioxane, acetone and ethanol.
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Figure 22. Absorbance and emission spectra for compound la in toluene, ethanol, and
ethyl acetate.
Fluorescence of sample 1a
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—f— 1a dioxane absorption






Figure 23. Absorbance and emission spectra for compound la in dioxane, acetone, and
acetonitrile.
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As expected, the shape of the absorption and emission maxima mirror each other.
However, the intensities of both the absorbed and emitted wavelengths and quantum
efficiencies are solvent-dependent. For instance, compound la exhibits a higher relative
quantum efficiency in ethanol, ethyl acetate, toluene, acetone and acetonitrile (> 0.88)
than in dioxane (0.17) and chloroform (0.54). Considering the Kamlet-Taft parameters of
these solvents (Table 3), it appears that the dielectric properties of the solvents may be
responsible for this phenomenon, suggesting that dioxane and chloroform stabilize the
excited state of la relative to the ground state, therefore reducing the energy levels of the
excited state or that they favor non-radiative pathways, disfavoring fluorescence.
Fluorescence data were recorded at room temperature in various solvents lxlO'6 M and
are summarized in Table 4 and Figures 18-30. The relative fluorescence efficiencies
(quantum yields) (On) and Stoke shifts (S.s) were calculated and are also summarized in
Tables 4-10. The subtsituents R’ in the 2-position on the imidazole ring strongly
influence the fluorescence profile of the overall molecules. For instance, the phenyl
substituted series (compounds la, lb and lc) reveal a slight red shift to higher
wavelength in acetone, chloroform and ethyl acetate. The absorption maxima are
independent of the substitution group R and of the solvents, except for chloroform.
Chloroform is a good hydrogen acceptor solvent as its a value reflects (0.44). Therefore
hydrogen bonding interactions between the chloroform and the hydrogen in the 3-
position on the imidazole ring is possible (Figure 24). Such interactions would take place
in the ground and excited state resulting in a shift for both excitation and emission
wavelength as it was indeed observed.
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Figure 24. Interaction of chloroform with compound la, lb or lc.
Acetone and ethyl acetate are polar aprotic solvents. They could interact with the
excited state of the substituted imidazole. As a result, a moderate to significant red shift
was observed in the fluorescence spectra of these compounds. Specifically, in acetone the
emitted A,max is shifted 10 and 2 run from OCH3 to CH3 and from CH3 to H, respectively.
More dramatically in ethyl acetate a 2 and 40 nm A,max shift were observed from OCH3 to
CH3 and from CH3 to H, respectively.
Perhaps as interesting were the dramatic blue shifts observed in the pyrenyl
substituted series. In this case, both the ground state and the excited state interacted with
the solvents, acetonitrile, acetone, chloroform, ethylacetate, and dioxane. The absorption
maxima are slightly blue shifted (hypsochromic), less than 10 nm, indicating weak solute
to solvent interactions. In contrast, the emitted Xmax exhibited significant blue shifts
(hypsochromic), up to 40 nm in acetone and acetonitrile, 28 and 25 nm in chloroform,
and ethyl acetate, respectively. These four solvents are all polar and can engage in
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hydrogen bonding interactions. As they stabilize the excited state, such hydrogen bonding
interactions are expected to lower the energy levels resulting in a decrease in the emission
A.max.17 This phenomenon is clearly observed in this series of compounds, and as
anticipated is accentuated for the more polarizable excited state. At this low
concentration 10"6 M pyrene is known to exhibit high fluorescence.
Table 4. Stokes shift and fluorescence efficiency in ethanol.
Compound Aabs ^em S.s*cm'1 Or (+/- 0.04)
1a 313 380 5633.1 0.98
1b 316 380 5329.8 0.96
1c 310 378 5803.0 0.27
2a 331 272 6553.2 0.97
4b 326 426 7200.7 0.50
Table 5. Stokes shift and fluorescence efficiency in acetonitrile.
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compound Aabs ^em S.s*cm‘1 (Dr (+/- 0.04)
1a 312 384 6009.6 0.88
1b 317 385 5571.7 0.90
2a 335 454 7824.3 0.74
2b 323 430 7703.9 0.91
2c 329 426 6921.0 0.95
3b 252 272 2917.8 0.99
4b 315 383 5636.4 0.93
5a 375 465 5161.3 1.00
5b 382 505 6376.0 1.00
Table 6. Stokes shift and fluorescence efficiency in acetone.
compound Aabs Aem S.s*cm'1 Or (+/- 0.04)
1a 332 390 4479.5 0.94
1b 333 388 4256.8 0.55
1c 332 377 3595.3 0.82
2a 342 420 5430.2 0.97
2b 345 429 5675.5 1.00
3b 386 500 5906.7 0.09
4b 341 420 5516.0 0.85
5a 377 460 4786.1 0.99
5b 382 505 6376.0 1.01
Table 7. Stokes shift and fluorescence efficiency in chloroform.
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compound ^abs ^em S.s*cm'1 Or (+/- 0.04)
1a 312 394 6670.6 0.54
1b 316 389 5938.6 1.04
1c 308 384 6425.9 0.66
2a 324 451 8691.2 0.90
2b 329 429 7085.1 1.01
2c 325 420 6959.7 0.64
3b 387 504 5998.5 1.02
5a 374 446 4316.4 0.95
5b 381 474 5149.7 0.94
Table 8. Stokes shift and fluorescence efficiency in ethyl acetate.
compound Agbs ^em S.s*cm1 /—■s•'froo'Iue
1a 314 421 8094.2 1.01
1b 318 382 5268.5 0.94
1c 313 380 5633.1 1.01
2b 334 420 6130.6 0.97
3b 379 479 5508.4 1.00
4b 393 426 1971.1 1.01
5a 380 449 4044.1 1.00
5b 384 474 4944.6 0.99
Table 9. Stokes shift and fluorescence efficiency in 1,4-dioxane.
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compound Aabs Aem S.s*cm'1 Or (+/- 0.04)
1a 316 388 5872.4 0.17
1b 321 385 5178.6 0.37
1c 315 383 5636.4 0.97
2a 348 433 5640.9 0.99
2b 324 405 6172.8 0.66
2c 333 414 5875.4 1.00
3b 480 498 7530.0 0.31
5a 381 452 4122.8 1.02
5b 383 465 4604.3 1.01
5c 380 440 3588.5 1.01
Table 10. Stokes shift and fluorescence efficiency in toluene.
compound Aabs Aem S.s*cm'1 Or (+/- 0.04)
1a 318 385 5472.5 0.99
1b 321 387 5312.9 0.94
1c 313 383 5839.2 0.99
2a 338 414 5431.2 0.98
3b 336 423 6121.2 0.96
4b 335 425 6321.3 0.99
5b 387 457 3958.0 1.00
40
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Figure 27. Fluorescence spectra of sample la toluene, ethanol, ethyl acetate, dioxane,
acetone, acetonitrile, ethanol.
Figure 28. Fluorescence spectra of sample 2c in dioxane, acetonitrile, and chloroform.
 































Figure 30. Fluorescence spectra of sample 2a in toluene, dioxane, ethylacetate,
chloroform, acetone, acetonitrile, ethanol.
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Figure 31. Fluorescence spectra of sample 3c in toluene, dioxane, ethylacetate,
chloroform, acetone, acetonitrile.
Figure 32. Fluorescence spectra of sample 3b in ethylacetate, chloroform, acetone,
ethanol.
Figure 33. Fluorescence spectra of sample 4b in acetone, ethylacetate, acetonitrile,
toluene.
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Figure 34. Fluorescence spectra of sample 4a in toluene, dioxane, ethylacetate,
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Figure 35. Fluorescence spectra of sample 5c in dioxane.
 
Figure 36. Fluorescence spectra of sample 5b in toluene, dioxane, ethylacetate,
chloroform, acetone, acetonitrile.
Figure 37. Fluorescence spectra of sample 5a in ethylacetate, acetone, chloroform,
acetonitrile.
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It was very difficult to distinguish general trends throughout the 15 compounds
prepared because of the interconnection of factors (steric hindrance, solvents effect etc).
Nonetheless, from series to series some common effects can be seen. First, the
fluorescence absorption and emission spectra of the 2-phenyl-4,5-tolylimidazole lb and
2-phenantryl-4,5-tolylimidazole 3b were compared in four solvents, acetone,
ethylacetate, acetonitrile, and toluene. Figure 38 and 39 show the fluorescence spectra of
the 2-phenyl-4,5-tolylimidazole lb and the 2-phenantryl-4,5-tolylimidazole 3b,
respectively.
Figure 38. Fluorescence spectra of the 2-phenyl-4,5-tolylimidazole lb in acetone, ethyl
acetate, acetonitrile, and toluene.
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Figure 39. Fluorescence spectra of the 2-phenyl-4,5-tolylimidazole lb in acetone, ethyl
acetate, acetonitrile, and toluene.
The fluorescence spectra of the coplanar 2-phenyl-4,5-tolylimidazole lb exhibits
no solvent dependency. However, the more twisted 2-phenantryl-4,5-tolylimidazole 3b
exhibits a red shifted emission Amax (relative to acetone) in ethylacetate and a blue shift
emission A.max in acetonitrile. Similarly, the 2-naphtyl-4,5-tolylimidazole 2b 40° exhibits
red shift of the emission A.max in acetonitrile and chloroform relative to dioxane {Figure
39). The 2-naphtyl-4,5-p-metoxyphenylimidazole 2c however shows more pronounced
shift of the emission >,max than its methyl analog, the 2-naphtyl-4,5-tolylimidazole 2b.
The electron donating character of the methoxyl is expected to affect both the TICT state
and the electronic density of the overall molecule.
Figure 40. Fluorescence spectra of the planar 2-naphtyl-4,5-tolylimidazole 2b in dioxane,
acetonitrile, and chloroform.
Figure 41. Fluorescence spectra of the planar 2-naphtyl-4,5-p-methoxylimidazole 2c in
dioxane, acetonitrile, and chloroform.
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The calculated electronic map of HOMO and LUMO of the methyl and methoxy
derivatives are similar except that the lone pairs of the oxygen of the methoxy group
participate in the HOMO of 2c (top of Figure 42). More dramatic is the electron density
map of the methyl and methoxy derivatives (bottom left and right of Figure 42). It clearly
shows that the methoxyl participates in the electronic map of the overall molecule.
2-naphtvl-4,5-tolvlimidazole 2-naphtyl-415-p-methoxyphenyl
imidazole
Figure 42. HOMO and LUMO maps and density potential maps for the 2-naphtyl-4,5-
tolylimidazole 2b and 2-naphtyl-4,5-p-methoxyphenylimidazole 2c.
In general, both Labs and A.em are dependent on solvents and on the substituents R
and R’. The substituents on the imidazole ring directly affect the dihedral angle and as a
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result the TICT state. The solvent effects on the Stokes shifts were more pronounced
when the torsion of the molecule was higher, as expected for “TICT molecules”.
However, a direct correlation between solvent effect, Stokes shift, relative quantum yield,
and dihedral angle was not found. The average relative quantum efficiency was high
(0.96) in aprotic solvents such as toluene and low aprotic solvents such as ethanol (0.3).
This was not surprising as ethanol is known to engage in hydrogen bonding with the
nitrogen atoms of the imidazole ring.18 As a result quenching becomes a major
competitive pathway to fluorescence and lowers quantum efficiency. Accordingly, the
average quantum efficiency was high (0.96) in an aprotic solvent such as toluene.
2.3 Potential applications of non-linear optical materials
The imidazoles studied could find potential applications when incorporated in a
polymeric matrix. Acrylate co-polymers could be easily synthesized and tested as non¬
linear optical (NLO) materials. The pyrene-substituted fluorophores exhibit the most
promise and could be incorporated into the matrix as Figure 43 illustrates.10
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Figure 43. Incorporation of the pyrene-substituted imidazole into a methylmethacrylate
co-polymer for NLO applications.
2.4 Conclusion
In this work, we synthesized a series of aromatic substituted imidazoles and studied
their fluorescence properties in varying solvents. The conjugated aromatic-substituted
imidazole chromophores (R’) were phenyl, naphtyl, anthracyl, phenantryl, and pyrenyl.
Furthermore, different groups (R), were incorporated to study their electronic effect
ranging from for example hydrogen, to methyl, and methoxy.
The relative quantum efficiencies were generally high and are solvent-dependent. In
non-polar aprotic solvents such as toluene, relative quantum efficiencies ranged from
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0.94 to 1.00. In contrast, with solvents such as dioxane and chloroform considerable
quenching was observed.
The fluorescence of aromatic containing imidazoles is dependent on the substituents
on the imidazole and their resulting effect on solvent-solute interactions. The torsion
between the group in 2-position and the imidazole is sterically governed. It is small with
a phenyl substituent (1°) but the highest with the anthracyl (53°). The conjugation within
the molecule is limited when the dihedral angle is high, influencing the TICT state. Also
with bulkier groups in 2-position, the ability for the nitrogen lone pair in 3-position and
the N-H in 1-position to engage with solvent molecules became restricted by both the
steric and electronic factors. Because of the inter-dependency of all these factors, a direct




Unless otherwise stated all glassware were dried at 100 °C overnight. All
reactions were carried out under a nitrogen atmosphere. All reactions were also protected
from light by covering both the flask and the condenser with aluminum foil.
Glacial acetic acid (Fisher), ammonium acetate (Aldrich 98%), 4,4'-dimethoxy benzil
(98% Aldrich), benzil (98% Aldrich), 4,4'-dimethyl benzil (Aldrich), 1-pyrene
carboxyaldehyde (99% Aldrich), phenanthrene-9-carboxyaldehyde (97% Aldrich), 9-
anthraldehyde (97% Aldrich), 1-napthaldehyde (95% Aldrich), N, N’-dimethylacetamide
(DMA, 99.8 %, anhydrous, Aldrich), anhydrous K2CO3 (Aldrich), iodomethane (99.5%
Aldrich), methanol, ethyl acetate, dichloromethane, hexane (Fisher), deuterated
chloroform (99% Aldrich) were used as received. Silica Gel (63-200pm) (Scientific
Absorbents) and thin Layer Chromatography Plates (0.20 mm layer, Polygram) were
used as received.
Melting points were determined with a melt-temp II apparatus and are uncorrected.
Infrared spectra were obtained as KBr pellets for solids on a Nicolet Impact 400 FT-IR
spectrometer. ‘H and l3C nuclear magnetic resonance spectra were recorded on a Bruker
ARX-400 NMR spectrometer. Ultraviolet and visible spectra were acquired with a




Preparation of2-phen\l-4,S-bis(phen\l) imidazole (la)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), benzil (1.20 g; 5.69
mmol), and benzaldehyde (0.60 g; 5.69 mmol) were added to the flask. The reaction
mixture was stirred and heated to 85-90 °C for 24 h. The reaction was monitored by TLC
using fluorescent UV254 silica gel plates and a mixture of ethyl acetate/hexane (1/5) as
eluent. Upon cooling to room temperature, the mixture was poured in to 20 mL of ice-
water. The resulting precipitate was collected via vacuum filtration and washed with ice-
cold water. The product was purified by crystallization from methylene chloride followed
by column chromatography on silica gel (63-200 pm) using ethyl acetate/hexane (1/1) as
eluent. Removal of the solvent under reduced pressure gave 1.24 g (73% yield).
Elemental Anal. Calcd for C21H16N2-: C, 85.11; H, 5.44; N, 9.45. Found: C, 85.55; H,
5.44; N, 9.47. Data 'H NMR (400 MHz, CDC13,5): 7.40 (m, 7H, Ar H), 7.46 (m, 4H, Ar
H), 7.66 (d, 2H, Ar H), 7.92 (d, 2H, Ar H), 9.30 (br s, 1H, NH).
Preparation of2-ohenvl-4.5-bis(4'-methvlphenvli imidazole (lb)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethoxy benzil
(1.36 g; 5.69 mmol), and benzaldehyde (0.60 g, 5.69 mmol) were added to the flask. The
reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction was monitored
by TLC using fluorescent UV254 silica gel plates and a mixture of ethyl acetate/hexane
(1/5) as eluent. Upon cooling to room temperature, the mixture was poured in to 20 mL
70
of ice-water. The resulting precipitate was collected via vacuum filtration and washed
with ice-cold water. The product was purified by crystallization from methylene chloride
followed by column chromatography on silica gel (63-200 pm) using ethyl
acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure gave 1.37
g (74% yield). Elemental Anal. Calcd for C23H20N2: C, 85.15; H, 6.21; N, 8.60. Found: C,
85.11; H, 6.24; N, 8.56. Data ‘H NMR (400 MHz, DMSO-d6, 6): 2.31 (s, 6H, CH3), 7.15
(d, 4H, Ar H), 7.22 (m, 1H, AR H), 7.34 (m, 1H, Ar H), 7.41 (m, 5H, Ar H), 7.89 (d, 2H,
ArH).
Preparation of2-Phenvl-4. 5-bis (4'-methoxyphenvl) Imidazole (Ic)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethoxy benzil
(1.54 g; 5.69 mmol) and benzaldehyde (0.60 g: 5.69 mmol) were added to the flask. The
reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction was monitored
by TLC using fluorescent UV254 silica gel plates and mixture of ethyl acetate/hexane
(1/5) as eluent. Upon cooling to room temperature, the mixture was poured into 20 mL
of ice-water. The resulting precipitate was collected via vacuum filtration and washed
with ice-cold water. The product was purified by crystallization from methylene chloride
followed by column chromatography on silica gel (63-200 pm) using ethyl
acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure gave 1.62
g (80 % yield).19 Mp (lit) = 153°C.
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Preparation of2-Napthyl-4,5-bis(phenvl) imidazole (2a)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), benzil (1.20 g; 5.69
mmol), and 1-napthaldehyde (0.89 g, 5.69 mmol) were added to the flask. The reaction
mixture was stirred and heated to 85-90 °C for 24 h. The reaction was monitored by TLC
using a fluorescent UV254 silica gel plate and a mixture of ethyl acetate/hexane (1/5) as
eluent. Upon cooling to room temperature, the mixture was poured into 20 mL of ice-
water. The resulting precipitate was collected via vacuum filtration and washed with ice-
cold water. The product was purified by crystallization from methylene chloride followed
by column chromatography on silica gel (63-200 pm) using ethyl acetate/hexane (1/1) as
eluent. Removal of the solvent under reduced pressure gave 1.65 g (84% yield).
Elemental Anal. Calcd for C25H,8N2: C, 86.68; H, 5.24; N, 8.09. Found: C, 86.52; H,
5.21; N, 8.14. Data 'H NMR (400 MFlz, CDC13,5): 9.30 (br s, 1H, NH); 8.85 (d, 1H, Ar
H); 7.91 (m, 2H, Ar H); 7.85 (d, 1H, Ar H ); 7.56 (m,7H, Ar H); 7.37 (m,6H, Ar H).
Preparation of2-Napthyl-4,5-bis(4 '-methvlphenvD imidazole (2b)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethyl benzil
(1.36 g; 5.69 mmol), and 1-napthaldehyde (0.89 g; 5.69 mmol) were added to the flask.
The reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction was
monitored by TLC using a fluorescent UV254 silica gel plates and a mixture of ethyl
acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
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poured into 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography on silica gel (63-200 pm)
using ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure
gave 1.79 g (84 % yield). Elemental Anal. Calcd for C27H22N2: C, 86.60; H, 5.92; N,
7.48. Found: C, 86.48; H, 5.96; N, 7.53. Data *H NMR (400 MHz, CDC13,5): 2.35 (s, 6H,
CH3), 7.21 (d, 4H, Ar H), 7.41 (d, 1H, Ar H), 7.60 (d, 4H, Ar H), 7.67 (q, 2H, Ar H), 8.17
(d, 1H, Ar H), 8.05 (d, 1H, Ar H), 7.80 (t, 1H, Ar H), 9.06 (d, 1H, Ar H).
Preparation of2-Napthyl-4, S-bis (4'-methoxypheml) imidazole (2c)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethoxy benzil
(1.54 g; 5.69 mmol) and 1-napthaldehyde (0.89 g; 5.69 mmol) were added to the flask.
The reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction was
monitored by TLC using fluorescent UV254 silica gel plates and a mixture of ethyl
acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
poured into 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography using silica gel (63-200
pm) and ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced
pressure gave 2.24 g (97% yield). Elemental Anal. Calcd for C27H22O2N2: C, 79.78; H,
5.46; N, 6.89. Found: C, 79.86; H, 5.49; N, 6.84. Data 'H NMR (400 MHz, DMSO-cL, 8):
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3.75 (s, 6H, OCH3), 7.00 (d, 4H, Ar H), 7.61 (m, 7H, Ar H), 7.97 (m, 3H, Ar H), 9.20 (d,
1H, At H), 12.58 (br s, 1H, NH).
Preparation of2-Anthracvl-4.5-bis(ohenvl) imidazole (3a)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), benzil (1.20 g; 5.69
mmol), and 1.17 g (5.69 mmol) 9-anthraldehyde were added to the flask. The reaction
mixture was stirred and heated to 85-90 °C for 24 h. The reaction was monitored by TLC
using fluorescent UV254 silica gel plates and a mixture of ethyl acetate/hexane (1/5) as
eluent. Upon cooling to room temperature, the mixture was poured into 20 mL of ice-
water. The resulting precipitate was collected via vacuum filtration and washed with ice-
cold water. The product was purified by crystallization from methylene chloride followed
by column chromatography on silica gel (63-200 pm) using ethyl acetate/hexane (1/1) as
eluent. Removal of the solvent under reduced pressure gave 1.80 g (80% yield).
Elemental Anal. Calcd for C29H20N2: C, 87.85; H, 5.09; N, 7.07. Found: C, 87.62; H,
5.05; N, 7.07. Data *H NMR (400 MHz, CDC13 8): 1.5-1.3 (m, 14H, Ar H), 8.03 (d, 2H,
Ar H), 8.08 (d, 2H, Ar H), 8.57 (s, 1H, Ar H), 9.5 (br s, 1H, NH).
Preparation of2-Anthracvl-4.5-bis(4'-methylphenvl) imidazole (3b)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethyl benzil
(1.36 g; 5.69 mmol), and 9-anthraldehyde (1.17 g, 5.69 mmol) were added to the flask.
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The reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction was
monitored by TLC using fluorescent UV254 silica gel plates and a mixture of ethyl
acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
poured into 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography on silica gel (63-200 pm)
using ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure
gave 1.94 g (80% yield). Elemental Anal. Calcd for C3iH24N2.1/4C4H802: C, 86.06; H,
5.80; N, 6.27. Found: C, 85.74; H, 5.88; N, 6.43. Data *H NMR (400 MHz, CDC13, 6):
2.37(s, 6H, CH3), 7.1 l(d, 8H, Ar H), 7.25(t, 3H, Ar H), 7.38(d, 3H, Ar H), 7.78 (d, 2H,
Ar H), 7.90 (d, 2H, Ar H), 8.33 (br s, 1H, Ar H).
Preparation of2-Anthracvl-4, 5-bis (4'-methoxyphenvl) imidazole (3c)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethoxy benzil
(1.54 g; 5.69 mmol), and 9-anthraldehyde (1.17 g, 5.69 mmol) were added to the flask.
The reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction was
monitored by TLC using fluorescent UV254 silica gel plates and a mixture of ethyl
acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
poured into 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography on silica gel (63-200 pm)
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using ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure
gave 2.07 g (80% yield). Elemental Anal. Calcd for C31H24O2N2: C, 81.56; H, 5.30; N,
6.14. Found: C, 81.41; H, 5.50; N, 5.94. Data ]H NMR (400 MHz, DMSO-cM): 3.83 (s,
6H, OCH3), 6.80 (d, 4H, Ar H), 7.41 (m, 4H, Ar H), 7.47 (d, 4H, Ar H), 7.91 (d, 2H, Ar
H), 7.98 (d, 2H, Ar H), 8.46 (s, H, Ar H).
Preparation of2-Phenanthrvl-4,5-bis(phenvl) imidazole (4a)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), benzil (1.20 g; 5.69
mmol), and phenanthrene-9-carboxyaldehyde (1.17 g, 5.69 mmol) were added to the
flask. The reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction was
monitored by TLC using fluorescent UV254 silica gel plates and a mixture of ethyl
acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
poured into 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography on silica gel (63-200 pm)
using ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure
gave 2.20 g (92% yield). Elemental Anal. Calcd for C29H20N2 (396.48): C, 87.85; H,
5.09; N, 7.07. Found: C, 87.91; H, 5.09; N, 7.10. Data *H NMR (400 MHz, CDC13, 5):
7.39 (m, 10H, Ph), 7.68 (m, 4H, Ar H), 7.87 (d, 1H, Ar H), 8.00 (s, 1H, Ar H), 8.78 (d,
1H, Ar H), 8.79 (d, 1H, Ar H), 8.80 (d, 1H, Ar H).
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Preparation of2-Phenanthryl-4,5-bis(4’-methvlphenyl) imidazole (4b)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), of 4'-dimethyl benzil
(1.36 g; 5.69 mmol), and phenanthrene-9-carboxyaldehyde (1.17 g, 5.69 mmol) were
added to the flask. The reaction mixture was stirred and heated to 85-90 °C for 24 h. The
reaction was monitored by TLC using fluorescent UV254 silica gel plates and a mixture of
ethyl acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
poured onto 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography on silica gel (63-200 pm)
using ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure
gave 2.20g (91% yield). Elemental Anal. Calcd for C31H24N2: C, 87.70; H, 5.70; N, 6.60.
Found: C, 87.44; H, 5.67; N, 6.67. Data 'H NMR (400 MHz, CDC13, 5): 2.50 (s, 6H,
CH3), 7.19 (d, 4H, Ar H), 7.55 (m, 4H, Ar H+NH), 7.58 (m, 2H, Ar H), 7.69 (m, 3H, Ar
H), 7.89 (d, 1H, Ar H), 8.08 (s, 1H, Ar H), 8.70 (d, 1H, Ar H), 8.75 (d, 1H, Ar H), 8.84
(d, 1H, ArH).
Preparation of2-Phenanthryl-4, 5-bis(4 ’-methoxyphenyl) imidazole (4c)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethoxy benzil
(1.54 g; 5.69 mmol), and phenanthrene-9-carboxyaldehyde (1.17 g; 5.69 mmol) were
added to the flask. The reactionmixture was stirred and heated to 85-90 °C for 24 h. The
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reaction was monitored by TLC using fluorescent UV254 silica gel plates and a mixture of
ethyl acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
poured into 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography on silica gel (63-200 pm)
using ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure
gave 2.08 g (80% yield). Elemental Anal. Calcd for C31H24O2N2: C, 81.56; H, 5.30; N,
6.14. Found: C, 81.56; H, 5.31; N, 6.18. Data 'H NMR (400 MHz, DMSO-d6,5): 12.73
(br s, 1H, NH), 9.26 (d, 1H, Ar H), 8.88 (dd, 1H, Ar H), 8.03-7.50 (m, 10H, Ar H), 7.14-
6.92 (m, 3H, Ar H), 3.81 (s, 6H, OCH3) .
Preparation of2-Pvrenyl-4,5-bis(phenyl) imidazole (5a)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), benzil (1.20 g; 5.69
mmol), and 1.31 g (5.69 mmol) 1-pyrene carboxyaldehyde were added to the flask. The
mixture was stirred and heated to 85-90 0 C for 24 h. The reaction was monitored by TLC
using fluorescent UV254 silica gel plates and a mixture of ethyl acetate/hexane (1/5) as
eluent. Upon cooling to room temperature, the mixture was poured into 20 mL of ice-
water. The resulting precipitate was collected via vacuum filtration and washed with ice-
cold water. The product was purified by crystallization from methylene chloride followed
by column chromatography on silica gel (63-200 pm) using ethyl acetate/hexane (1/1) as
eluent. Removal of the solvent under reduced pressure gave 1.91 g (80% yield).
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Elemental Anal. Calcd for C31H20N2: C, 88.54; H, 4.79; N, 6.66. Found: C, 88.55; H,
4.72; N, 6.59. Data *H NMR (400 MHz, CDC13, 5): 7.40 (m, 6H, Ar H), 7.58 (m, 2H, Ar
H), 7.82 (m, 2H, ArH), 8.10 (m, 1H, Ar H), 8.30 (d, 1H, ArH), 9.17 (d, 1H, ArH).
Preparation of2-Pvrenvl-4,5-bis(4’-methvlphenvl) imidazole (5b)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethyl benzil
(1.36 g; 5.69 mmol), and 1-pyrene carboxyaldehyde (1.31 g, 5.69 mmol) were added to
the flask. The reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction
was monitored by TLC using a fluorescent UV254 silica gel plate and a mixture of ethyl
acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
poured in to 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography on silica gel (63-200 pm)
using ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure
gave 2.32 g (91% yield). Elemental Anal. Calcd for C33H24N2: C, 88.36; H, 5.39; N, 6.25.
Found: C, 88.33; H, 5.31; N, 6.14. Data 'H NMR (400 MHz, CDC13, 6): 8.72 (m, 3H, Ar
H), 7.90-7.50 (m, 10H, Ar H), 6.90 (d, 4H, Ar H), 3.85(s, 6H, CH3).
Preparation of2-Pvrenvl-4,5-bis(4 '-methoxyphenvl) imidazole (5c)
A 100 mL three necked round bottom flask was equipped with a stirring bar,
condenser and a nitrogen inlet adapter. Glacial acetic acid (25 mL), 4'-dimethoxy benzil
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(1.54 g; 5.69 mmol), and 1-pyrene carboxyaldehyde (1.31 g; 5.69 mmol) were added to
the flask. The reaction mixture was stirred and heated to 85-90 °C for 24 h. The reaction
was monitored by TLC using fluorescent UV254 silica gel plates and a mixture of ethyl
acetate/hexane (1/5) as eluent. Upon cooling to room temperature, the mixture was
poured in to 20 mL of ice-water. The resulting precipitate was collected via vacuum
filtration and washed with ice-cold water. The product was purified by crystallization
from methylene chloride followed by column chromatography on silica gel (63-200 pm)
using ethyl acetate/hexane (1/1) as eluent. Removal of the solvent under reduced pressure
gave 1.96 g (72% yield). Elemental Anal. Calcd for C33H24O2N2: C, 82.48; H, 5.03; N,
5.83. Found: C, 82.40; H, 5.06; N, 5.86. Data *H NMR (400 MHz, DMSO-d6,5): 3.82 (s,
6H, OCH3), 6.88 (m, 4H, Ph H), 7.25(m, 6H, Ar H), 7.45 (m, 2H, Ar H), 8.00 (m, 4H, Ar
H), 8.46 (m, 1H, Ar H), 9.33 (br s, 1H, NH).
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